Nine new guaianes (graphostromanes A-I, 1-9) were isolated from the deep-sea-derived fungus Graphostroma sp. MCCC 3A00421, along with four known ones (10-13). The relative configurations were established mainly by detailed analysis of the NMR and HRESIMS data, while the absolute configurations were assigned using the X-ray crystallography and modified Mosher's method. All isolates were evaluated for their inhibitory effects against lipopolysaccharide (LPS)-induced nitric oxide (NO) production in RAW264.7 macrophages. Graphostromanes F (6) showed remarkable inhibitory effect with an IC 50 value of 14.2 μM, which was even stronger than that of aminoguanidine, a positive control with an IC 50 value of 23.4 μM.
Guaianes are sesquiterpenoids bearing a bicyclo [5.3 .0]-decane skeleton with enormously structural diversities, including nor-guaianes 1 , guaiane alkaloids 2, 3 , guaiane dimers 4, 5 , etc. They possessed a variety of intriguingly biological activities, such as antioxidant 2 , antimalarial 6, 7 , antinociceptive 7 , anti-emetic 8 , antitumor [9] [10] [11] , anti-inflammatory 12, 13 , and antibacteria 14, 15 . Guaianes occur mainly in terrestrial plants 16 . Very rarely they were found from terrestrial microorganisms and corals [17] [18] [19] . However, they have never been isolated from marine microbes. In our continuing investigation on the deep-sea-derived Graphostroma sp. MCCC 3A00421 20 , nine new (1-9) and four known (10-13) guaianes were obtained (Fig. 1) . Herein, we report the isolation, structure elucidation, and anti-inflammatory activities of these compounds.
Results and Discussion
Compound 1 was isolated as a colorless oil. The molecular formula C 15 (Table 1 ) showed two singlet (δ H 1.40 and 1.76) and one doublet (δ H 1.08) methyls, one exomethylene (δ H 4.83, 4.72), and one oxygenated methine (δ H 4.22) . These signals were resonance in the 13 C NMR data (Table 2) as three methyls (δ C 14.4, 19.9, and 29.4), one exocyclic methylene (δ C 107.8), one oxygenated methine (δ C 77.4). Altogether, the 1 H and 13 C NMR exhibited 15 carbons attributing to three methyls, five methylenes, five methines, and two nonprotonated carbons (one sp 2 at δ C 152.7 and one oxygenated sp 3 at δ C 73.0). Since an olefinic bond accounted for one unsaturation degree, a bicyclic framework was required for 1. In the COSY spectrum, one spin coupling system from H-1 through H 2 -2 to H-3/H-4/H-5/H 2 -6/H-7/H 2 -8/H 2 -9, from H-5 to H-1, and from H-4 to H 3 -15 constructed a long fragment. In the HMBC spectrum, correlations from 14-Me (δ H 1.40) to C-1 (δ C 53.0), C-9 (δ C 37.8), and C-10 (δ C 73.0) and from 12-Me to C-7, C-11 (δ C 152.7), and C-13 (δ C 107.8) established 1 as a guaiane sesquiterpene (Fig. 2) .
In the NOESY spectrum, correlations from H-5 (δ H 2.66) to H-1/H-4/H-7 (δ H 2.59) and from Me-15 to Me-14 and H-3 disclosed that H-1, H-4, H-5, and H-7 were on the same face, whereas H-3, 14-Me, and 15-Me were on the opposite side (Fig. 2) . This was unambiguously confirmed by the Cu-Kα X-ray crystallography (Fig. 3) . Therefore, 1 was determined to be (1R,3R,4R,5S,7R,10R)-11(13)-en-3,10-dihydroxyguaiene, and named graphostromane A. + . The 1 H and 13 C NMR spectra were nearly identical to those of 1 except that a methylene (δ C 32.1) instead of an oxygenated methine was located at C-3 position. This observation was evidenced by the HMBC correlation of 15-Me (δ H 0.92) to the methylene unit. On the basis of its key NOESY correlations (Fig. 4) and the similar optical rotation value ( α [ ] D 25 −28.5 for 2, while −22.0 for 1), 2 was therefore deduced to be (1R,4S,5S,7R,10R)-11(13)-en-10-hydroxyguaiene, and named graphostromane B.
Compound 3 showed the same molecule formula as that of 1 by the positive HRESIMS at m/z 261.1829 (calcd for C 15 H 26 O 2 Na, 261.1830). Interestingly, it also exhibited almost the same 1 H and 13 C NMR spectra, except for the shielded chemical shift of H-3 (δ H 3.87) and its peak pattern, indicating 3 and 1 might be C-3 stereoisomers. The NOESY correlations between H-3/H-1 (δ H 2.61), H-1/H-9a (δ H 1.98), H-9a/H-7, and H-9b (δ H 2.24) to H 3 -14 (δ H 1.50) deduced H-1, H-3, and H-7 were in the α orientations, while H 3 -14 was β-oriented. However, it is difficult to establish the relative configurations of C-4 and C-5 positions by the NOESY correlations because of the overlap signals of H-4 (δ H 1.67) and H-5 (δ H 1.69). Therefore, all four possible stereoisomers including a pair of cis-fused C-4 epimers [(1R*,3S*,4R*,5S*,7R*,10R*)-3a and (1R*,3S*,4S*,5S*,7R*,10R*)-3b] and a pair of trans-fused C-4 epimers [(1R*,3S*,4R*,5R*,7R*,10R*)-3c and (1R*,3S*,4S*,5R*,7R*,10R*)-3d] were subjected for the theoretical calculation of the CMR data at mPW1PW91/6-311 + G(2d,p) level using the IEFPCM model in pyridine-d 5 by Gaussian 09. As shown in Fig. 5 , 3c displayed the smallest deviation, suggesting the relative configuration of 3 to be 1R*,3S*,4R*,5R*,7R*, and 10R*. By the modified Mosher's method, C-3 was determined to be S configuration (Fig. 6) 
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. Based on the above evidences, 3 was then established to be (1R,3S,4R,5R,7R,10R)-11(13)-en-3,10-dihydroxyguaiene, and named graphostromane C.
Compound 4 was established the molecular formula C 15 H 24 O 2 on the basis of its HRESIMS. The 1 H and 13 C NMR spectra were very similar to those of 3 except that a ketone group (δ C 220.6) rather than a hydroxy unit was located at C-3. The assumption was corroborated by the HMBC relationships from 15-Me (δ H 1.08) to the carbonyl carbon. Therefore, 4 was assigned as (1R,4S,5S,7R,10R)-3-oxo-11(13)-en-10-hydroxyguaiene, and named graphostromane D.
Compound 5 exhibited the same molecular formula as that of 1 according to its positive HRESIMS at m/z 261.1833 [M + Na]
+ . Close comparison of its 1 H and 13 C NMR spectra to those of 1 revealed a general similarity except that the hydroxy unit should be attached to C-2 instead of C-3 in 5. This was confirmed by the HMBC correlations of 15-Me to the methylene unit at δ C 43.1 of the C-3 position. In the NOESY spectrum, cross-peaks from H-9a (δ H 1.85) to Me-14 (δ H 1.33) and H-2 revealed H-2 was in β orientation (Fig. 4) . By the modified Mosher's method, C-2 was determined as S-configuration (Fig. 6) . Accordingly, 5 was established to be (1S,2S,4S,5S,7R,10R)-11(13)-en-2,10-dihydroxyguaiene, and named graphostromane E.
Compound 6 was assigned the molecular formula C 15 H 26 O 3 by the HRESIMS at m/z 277.1767 [M + Na] + . The 1 H and 13 C NMR spectra were nearly identical to those of 5, except for an additional hydroxy unit at C-12 (δ C 64.1). The assumption was evidenced by the HMBC correlations from H 2 -13 (δ H 5.47, 5.08) to C-7 (δ C 43.7), C-11 (δ C 157.9), and C-12. Accordingly, 6 was determined to be (1S,2S,4S,5S,7R,10R)-11(13)-en-2,10,12-trihydroxyguaiene, and named graphostromane F.
Compound 7 gave a molecular formula C 17 C NMR spectra were close to those of (1S,2S,4S,5S,7R,10R)-guaiane-2,10,11,12-tetraol (10) 22 , except for an additional acetyl group (δ H 1.99; δ C 20.6, 170.7) at C-12. This was evidenced by the HMBC cross-peaks from H 2 -12 (δ H 4.42) to the carbonyl (δ C 170.7) of the acetyl group. The absolute configuration of C-2 was established to be S on the basis of the modified Mosher's method (Fig. 6 ), which was further corroborated by the X-ray single-crystal experiment (Fig. 7) . Therefore, 7 was unambiguously determined to be (1S,2S,4S,5S,7R,10R,11R)-12-acetyl-2,10,11-trihydroxyguaiane, and named graphostromane G.
Compound 8 had the molecular formula of C 15 H 28 O 4 as established by its HRESIMS. Analysis of the 1D and 2D NMR spectra established the structure of 8 was closely related to 10, except that the hydroxy group was located at C-4 instead of C-2. This was evidenced by the HMBC correlations from 15-Me (δ H 1.54) to C-3 (δ C 39.6), C-4 (δ C 80.9), and C-5 (δ C 54.5). The NOE cross-peaks from H-2a (δ H 2.10) to 14-Me (δ H 1.46) and 15-Me revealed that 4-OH was in α-oriented. Therefore, 8 was identified to be (1R,4R,5R,7R,10R)-4,10,11-trihydroxyguaiane, and named graphostromane H.
Compound 9 was assigned the molecular formula C 15 H 26 O 3 on the basis of the HRESIMS at m/z 277.1783 [M + Na] + . Its 1 H and 13 C NMR spectra were very similar to those of (1R,4S,5S,7R,10R,11S)-guaiane-10,11,12-triol (11) 15 except that a hydroxy group was absent at C-11, while a carboxyl moiety (δ C 180.2) instead of an oxymethylene was attached to C-11. This was corroborated by the HMBC correlations form 13-Me (δ H 1.10) to C-7 (δ C 41.4), C-11 (δ C 47.0), and C-12 (δ C 180.2). By the theoretical calculation of CMR spectrum, C-11 was assigned as R-configuration (Fig. 8) . Therefore, 9 was established to be (1R,4S,5S,7R,10R,11R)-10-hydroxyguai-12-oic acid, and named graphostromane I.
By comparison of the NMR, MS, and OR data with those published in the literature, four known guaianes were identified as (1S,2S,4S,5S,7R,10R)-guaiane-2,10,11,12-tetraol (10) 22 , (1R,4S,5S,7R,10R,11S)-guaiane-1 0 , 1 1 , 1 2 -t r i ol ( 11) 15 , ( 1 R , 3 S , 4 R , 5 S , 7 R , 1 0 R , 1 1 S ) -g u ai ane -3 , 1 0 , 1 1 , 1 2 -te t r a ol ( 12) 15 , a n d (1R,4S,5S,7S,9R,10S,11R)-guaiane-9,10,11,12-tetraol (13) 15 . All isolates were evaluated for their anti-inflammatory activities against LPS-induced NO production in RAW264.7 macrophages (Table 3) . Compound 6 exhibited remarkable anti-inflammatory activity with an IC 50 value of 14.2 μM, which was stronger than that of the positive control, aminoguanidine, with an IC 50 of 23.4 μM. In addition, 4, 9, and 13 showed weak anti-inflammatory activities with IC 50 values of 72.9, 79.1, and 88.2 μM, respectively.
In conclusion, chemical investigation on the deep-sea-derived fungus Graphostroma sp. MCCC 3A00421 led to the isolation of 9 new (graphostromanes A-I, 1-9) and 4 known (10-13) guaianes. They are first examples of guaiane sesquiterpenoids reported from the marine-derived fungi. Additionally, 6 showed potent anti-inflammatory activity against LPS-induced NO production in RAW264.7 macrophages, indicating its potential usage for anti-inflammatory drugs.
Materials and Methods

General Experimental
Procedures. An automatic polarimeter Rudolph IV Autopol was used for recording optical rotation data at 25 °C. A Xevo G2 Q-TOF mass spectrometer was used for measuring HRESIMS. A Bruker Avance 400 MHz NMR spectrometer was used for measuring 1 H, 13 C, HSQC, COSY, HMBC, and NOESY spectra. Chemical shifts (δ) were expressed in ppm referring to the solvent peaks, and coupling constants are in Hz. A Bruker D8 Advance X-ray single-crystal diffractometer was used for measuring X-ray data with Cu Kα radiation. Column chromatography (CC) were performed on Sephadex LH-20 (18- Extraction, Isolation, and Purification. After 28 days, the fermented cultures were extracted with EtOAc for three times. The EtOAc solution was evaporated under reduced pressure to get an organic extract, which was then partitioned between MeOH and petroleum ether (PE). The MeOH fraction was evaporated to get the defatted extract (7.0 g), which was separated by column chromatography (CC) over ODS eluting with gradient MeOH-H 2 O (5→100%) to yield 24 fractions (F1-F24). Fraction F7 (624 mg) was subjected to CC over Sephadex LH-20 (MeOH), followed by repeated CC on silica gel (CHCl 3 -MeOH, 15:1; EtOAc-MeOH, 50:1) to yield 10 (48.4 mg) and 12 (10.2 mg). Fraction F9 (420 mg) was purified by CC over Sephadex LH-20 (MeOH) to get three subfractions (SF9-1-9-3). SF9-1 was purified by CC over silica gel using PE-acetone (5: 
Preparation of (R)-and (S)-MPA Esters of Compounds 3, 5, and 7.
Compound 3 (2.0 mg) was dissolved in CHCl 3 (600 µL). Then (R)-MPA (2.5 mg), DCC (2.5 mg), and DMAP (2.5 mg) were added. After stirred 16 h at room temperature, the reactive products were subjected to CC over silica gel (PE-acetone, 3:1) to give the R-MPA ester 3a (1.7 mg) . Similarly, the S-MPA ester 3b (1. 3 (3a, 3b, 3c, and 3d ) at mPW1PW91/6-311 + G(2d,p) level in pyridine-d 5 . , µ = 0.579 mm
, F (000) = 260.8; A total of 6871 reflections were collected in the range of 6.44° < 2θ < 124.16°, of which 2128 independent reflections [R int = 0.0548, R sigma = 0.0552] were used for the analysis. The structure was solved by the direct methods with the SHELXL-97 program and refined using full-matrix least-squares difference Fourier techniques. The final R indexes [all data] gave R 1 = 0.0642, wR 2 Theoretical Calculation of CMR Data. The calculated CMR data of 3 and 9 were carried out by Gaussian 09 23 . Conformational analyses were initially performed using Confab 24 with MMFF94 force field for configurations of both compounds. The conformers, which were chosen for CMR calculations with Boltzmann-population over 1%, were firstly optimized at PM6 by semi-empirical theory method to filter some conformers with low Boltzmann-populations. Then, the remaining conformers were optimized at B3LYP/6-31 + G(d,p) in gas phase. The CMR calculation was conducted by the Gauge-Including Atomic Orbitals (GIAO) method at mPW1PW91/6-311 + G(2d,p) level using the IEFPCM model in pyridine for 3, whereas in MeOH for 9, respectively. Finally, the TMS-corrected Anti-Inflammatory Assay. This experiment was conducted according the reported procedure 25 .
